Will Climate Change
__ Spark More
Wildfire Damage?
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L Glopbal warming may increase the risk of

wildfires by drying out vegetation and
stirring the winds that spread fires. Detailed
models of all the factors that contribute to wildfires
fiave been designed to help insurers reduce
the potential for catastrophic loss.
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To capture some of the
complexity of Californiak
, W irvestizaned
three climatically distinct
and geographically separa-
ed areas of monhern Cali-
Francisco Bay; Amador-El
Dorado, in the Sierma
{oothills east of Sacramen-
o and Humbeld, on the
narthem coast. (5ee Fig. 1.)
Sarila Clira and Amador-EL
Dorado contain subsaantial
areas of wildlandfurhan in-
teriace, and Amador and El
Dorado countbes were the
fastess growing and sixth
fastest growing countics in
the state, respectively, be-
tween 1970 and 15946,

FIGURE 1. CDF State Responsibility Area (SRA)
hy hmadwgmﬂnn class
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standardized 1o the wanming
that corresponds to carbon
dioadide (C0,) levels double
those that prevailed in the
mid-1900s (double CO,).
Barring large changes in glob-
ol enengy use and forest man-
agement, amospheric CO,
levels will reach this doubling
by the middle of the 21
ceniuary

The analysis preserted in
this article is based on climate
simulations from the God-
dard Instinse bor Space Scl-
ences (GI55) GOM for the
present and furure {double
€0, climanes. G155 predicts
that under climave change,
the region containing Santa
Clara aned Amador-El Dorado
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Most of the vegetation
fued types found in the American West are represented in this
analysis, inchading grass, brush (scrub or chaparral), oak sa-
varng and mixed conifer and redwood foreas. Each of the thires
areas mocleled is a “Ranger Unit,” an area protected by the Cal-
iformia Department of Forestry and Fire Protection (CDF) and
congisting of all the privare and ste-owned land nou protect-
ed by lacal fire depanments. Hismorically, they're predominant-
by rural areas, bul most are experiencing significam suburban
encroachment
Climate Changs Scenarios
The relathve cenadmy that elevated concentrations of greenhouse
gases will lead wo climanie changes was underscored by the most
recent publication of the Inergovernmental Panel on Climae
Change (IPCC). The book’s findings, representing the consen-
suis of over 2,500 sclentists, conchaded that detectable, human-
induced global warmbing may already be 1aking place. While
temperatures ate predicted to continue (o increase over s

of the globse as climae change progresses, future changes in oth-
er climate anribuies will be more complex: Soame aness will be-

come wetter and others drier; some areas will experience more
cloud cover and cahers less, Such variation i evident even with-
in California. To understand the implications for wildfire, its
necessany 1o coploy climate and wildfire models
that incorporate wind speed and humidisy s well 2 tempera-
ture gnd precipitation,

Climaae simulation studics performed by general circulation
miodels (GOMs) provide standard soenariod for climate change
impact assessments used by government and university scien-
tists around the world, including those in the IPCC. To Beili-
e comparisons among such sadies, anabyses are generally
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ranger uniis will become
warmer, wirsdier and drier, while the region contalning Hum-
boldt will become warmer but bess windy and more mokst
Therelore, the elfect of climatic change on wildfire severity can
be expecied 1o vary geographically

Creating climare change scenarios for wildfire is complicat-
ed by dilferences in scale. Fire behavior is affected by daily or
evien houwrly weather conditions, but readily available GCM ouat-
pt yiekds only a momnthly average value for each climate vari-
able (femperature, precipitation, wind speed and humidity). In
addition, GCM output represents a comparatively lange geo-
graphic area in which there is a grear deal of local variation in
weather and fire danger, To bridge scales, our protocol uses the
difference in GOM output for present and future (double CO,)
climates 1o create scaling factors for each month. These scaling,
factors are used 1o adjust historical weather dara from local
weather stations, thereby generating weather data tha reflecis
the predicted changes in climate while retaining the rich tem-
poral and spatial detail of hstorical records.

Madeling Appraseh

The attribmtes of wildfires that make them hard o contain are
the rate at which they spread and their burning inmensity (an
index linked to fire temperature and flame height). By creating
warmer, drier fuel conditions and fster Mame-fanning winds,
global warming may exacerbate both auribuies.

It additian 1o weather, wildfire behador depends on sie-
specific characteristics such as slope and vegetation. Our study
simulated appreodmately 00 actual, historical fires represent-
ing a typical fire year in California. Each fire’s spread rave and
burning intensity were modeled—firs using historical weath-
er dana for than day, and again using climase change “weather.”




. TABLE 1. Annual fire outcomes under present and future (double C0,) climate:
Effect of population density. Shown with the analysis zones demonstrating
the greatest impact of climate change.

| __Humber of Escaped Fires |

Average Jize Contained Fire (acres

Present Foture % Change Present Future % Change
Santa Clara, Grass
Low Population 2.6 4.7 E0% 12.0 16.0 33%
Moderate Population 1.9 2.2 16% 16.4 24,8 52%
Amador-El Dorade, Chaparral
Low Population 2.4 8.2 242% 5.9 15.5 161% [
High Population 2.6 2.9 11% 1.3 2.1 65% |

(The day, time, slope, vegetation, location and number of fires
were the same in both simulations. The effect of climanic change
on fire stans is not a major consideration because over 90 per-
cenit of the wikdfires in Callifornia are started by people.) In places
where lightning starts more fires, this aspect of clirmate change
will need 1o be incorporated into impact analyses.

Based on gix years of historical weather and fire records, we
uzad statistically represéntative fires as input to the California
Fire Economics Simulmor. CFES is a deterministic madel of ini-
tial anack on wildfire used by COF as a 1ol w evaluate deci-
sions involving the deployment and positioning of fire-fighting
equipment and personnel. CFES simulates fire growth and fire
suppression by CDF forces umil the fire is brought under con-

wrol or exceeds [ire-size or bumn-time limits (300 acres or two
hours in grass), in which case it classified as an "escape.”
Here, CFES was put 10 a different use—evaluating the com-
parative success of [ire-fighting efforis against fires burning un-
der present and future climate scenarios. It predicts either the
arca each (ire would bumn if the fire were conained or if the
modeled fire escapes containment effons. Unfortunarely, the
arca burned by escaped wildfires cannoy be madeled or accu-
ralely predicted because the terrain and buming conditions en-
countered by fires that exceed the escape size or time limits are
so variable. The number of escaped wildfires is a crocial mes-
sure of wildfire severily because these fires, having overwhelmed
initial fire suppression efforts, are considerably more likely to
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become large, damaging fires.

Under carent climate conditions, escapes ane comparative-
by rare, Between 1961 and 1997, only 0.03 percent to 0.5 per-
cent of California’s wildfires escaped. the range depending on
the county. However, likelihood of damage from an escape is
large. According to the CDE one out of every 10 escapes leads
o injury or the loss of simecunes, Moreover, losses generaned
by somie escapes are so lange that this category of fire account-
ed for over half of the fires where struciural damage or boss of
life occwrred, and for well over hall of the propeny valae lost
tas fime in California cver the past four decades. While wildfires
are bess common in forests (compared 1o brush or grass), those
that do occur and escape can be among the mos destructive.
The increasing density of neal estate in forested areas—exem-
plified by developments in much of the Amador-El Dorado re-
gion==represems the potential for enomous wildfire losses.

Results: Fire Bahavlor

According 1o this analysis, climatic change will cause lires 1o
spread Easter and burn mone intensely in most vegeiaiion ypes
{Table 1). The biggest impacts would occur in grassland, where
the fasted spread rates already occur. In forests, where fires
move much more slowly, impacts would be bess severe. Faster
fuel 1ypes demonsirare a greater responss because fire behav-
lor in these fuels i more gensitive 1o wind speed and the GISS
GOM predicts higher wind speeds during peak fire season. The
response of chaparral brush and cak woodlands would be in-
rermicdiate (beiween that of grass and lorest). Summarizing over
all vegetation rypes, the predicied global warming will leave the
pwo more southerly areas with more fast fires aned fewer slow
fires (Fig. 2).

Predicted changes in fuel moisture and wind speeds also
caused greater bumn intensity and triggered more intensive sup-
pression effons, also referred 10 as “dispatch levels™ (Fig. 3)
The usge of exira fire suppression nesources at a high dispacch
level, swch as air tankers and bulldozers, can leagd o large in-
creases in suppression costs. Even with higher dispatch of the
available fire-fighting equipment and personnel, the number of
acres burned and the number of escape fires increased in mogs
cises. In densely populated areas, climatic change caused less
impact than it did in the more sparsely populited ares—tes-
timony 10 the effectiveness of heightened suppression miensi-
1y where more lives and propenty ane at risk (Table 2). Rumal
areas, or regions with fewer resources for fire suppression, are
thus atr greater risk of having very lange fires due to climatic
change. In Humboldt, however, predictions of slower winds
amd more humidiry with chimate change offset the elfects of in-
creased temperatunes; there was vinually no change in predicted
fire danger in the forests and a decrease in spread rates in the

Climanic change increased the extent of fire damage and the
number of potentially catastrophic fives in two out of three re-
gions. The faster, hotter fires cansed by climatic change outran



TABLE 2. Average annual fire outcomes by region and vegetation under present and

future (double CO,) climate scenarios.
Acres Burned by Contained Fires
Present Future % Change Present Future % Change Total Fires
Santa Clara, Grass
Grass £.5 5.9 5% 2318 3278 41% 168.1
Brush 0.3 0. £1% 10 13 34% 287
Tall Brush 0 0.0 nfa £ & 1007 116
Eedwood 0 0.0 nfa 4 2 % 23.0
Total/Overall 4.8 7.3 51% 2332 3298 41% 225
Amador-El Dorado
Grass 1.2 2.8 143% 1709 2189 2i% 58.5
Brush 5.0 11.1 121% eel LT 10%% 62.9
Oak Savanna n/a 292 481 65% 152.8
Mixed Conifer 0.0 0. n/a 26 w £1% 20.0
Total/Overall 6.2 13.9 125% 2248 3168 41% ELVE]
Humboldt-Del Norte
I Grass a.0 0.0 n/fa 38 28 -2T% 15.1
I Redwood 0.6 0.6 0% 207 198 -4% 158.9
Total/Overall 0.6 0.5 0% 245 226 =8% 174

fire suppression and many more acres were burned than in the
current climate scenario. In the Santa Clara region, for exam-
ple, contained fires in grass and brush burned 41 percent and
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they did in the present climate. The number of escaped wild-
fires increazed by 53 percent and 21 percent in grass and brush
(Fig. 4). For redwood forests, which grow in moist, foggy ar-
%4 percent more area, respectively, under climate change than  eas, there was a small change in fire damage accompanied by




The increasing density of real
estate in forested areas—
exemplified by developments in
much of the Amadox-El Dorado
region—represents the potential for
enormous wildfire losses.

| enhanced fire-fighting eforns {triggered by mone inense fires)

and higher suppression expenses.

I the Sierra [oothills, the eflecy of climatic change was even
more severe. Here, the number of potentially caastrophic (es-
caped) fires predicted rose dramatically—143 percent more
each year in grassland and 121 percent more in brush. With
the number of escaped wildfines more than donbling, climatic
change could lead 10 a seriows increase in fire damage in this
region. The area bumed by smaller fires—those that were con-
wxined by iniial suppression—also saw lange increases in all
fourr vegetaiaon zones. The area of brish burned more than dou-
bled, and there was a 63 porcent increise in oak svanna burmed.

Climaee charge had nle impact in Californias Humbaldo
redwood region, thanks w comparatively slow fires, eflective
fire suppression and GISS predictions of a wetter, less windy
climate. Like the redwood forests of Sama Clara, these in Hum-
boldr showed almost no change in escapes or area burned. The
stval] area of grassland disd experience a decrease in bumed area
and suppression efforts,

HMore Severe Wildfire Losses

Orur soudy acldressed the direa efleces of climate change an fire
behavior {such as motsture content of fuels and wind speeds),
It bl et conshdier the indinecy effects of climate change on plam
growth or vegetation distribution because they're more difficult
1o quantify. Yet, as predicted by climate modelers (and as seen
[roem the recent El Nino), increased wintertime rainfall can al-
s lead 1o a higher bose of Dammable fuels during fire season.

i & Teedback with poaentially alarming consequences, wild-
fires may create conditions that set the stage for subsequent
wildiires. Among the six vegetatbon types considered, fires in
earlier stapes of succession (grass and brush) tended o hoave
faster spread rates and exhibiit a more propounced response 1
changes in climate, 'Wildfire elfectively resets the sucoession
clock, with newly bumed areas colonized first by prass, suc-
ceoded by shrubs and then forests. More frequent or extensive
fires would resuh in more kand anca covered by grass and shmub
vepelation. These ecosystems shaw the griates susceptibiliny
1o fire, and also the greatest response o climasic change. Con-
sedquenitly, the effect of global warming on wildliee may be even
more severe than our models predics due to re-inducad alter-
arion of vegetation distrbution.

Other tmponam synergles exist, In California, paterns of
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evelopment are cuperimposed on patterns of vegetation in
ways that may amplify the cconomic consequences ol wildfire.
In the Sicrras, for example, population growth and housing
density are often nusch higher in the grass, chapareal and oak
wonsllands convmon at low elevanions (and within commimg
distance 1o jobs in the Central Vadley) than st higher, forested
elevations fanther from wrhan centers. Moreover, populabon
tends to concemnae in Lhe wanmer reglons of the state, regions
that 1his analysis suggess woukl be most affected by climatic
change. These resahs indicate that homes and insured proper-
1y are concentrated in the zones Hkely (o experience the Lapes
respaonse (o climate chamge.

Conclisions

Damages and insurance claimes due 1o wildfive are on the rise.
‘While this analysis was not designed 1o evaluare the contribu-
tion of carrent, human-caused global warming to these trends,
it does provide a view of what the huure may hold, There are
mwechanistic links bevween climatic change and wildiire dam-
age, and 2 human sctivitkes continte o contribiate o climate
chursge by emitting greenhouse gases, we can expect an increase
in wilellire danger.

Understanding and quamtifying the imvporiant linksges be.
tweert natural disasters and climate change call for imegration
of many kinds of expertise. For example, while models of cli-
mate and wildfire focus on nasural processes and underlying
extreme events, the actuarially based boss-cstimation models ane
focused on the economic impacts of these evens. The Rein-
surance Association of Amenica has noted the apporunity and
imperative for imegrated assessments of climae change im-
pacts, Associatlon presidemt Frank Nutter told the insurance
comminisy in 19940 tha *i is meumbent upon us to assimilae
our knowledge of the matural sciences with the aciwarkal sci-
enoes—in our own sell-imierest and in the public interes.”

As experience has shown, any wpward trend in wildiives
wouhd likely have serious corsequences for the residents of Cal-
ifornia and their propeny. To combat these trends in the near
term, Jocal planning officials and individhea] homeowners need
b revisél bssues of fire suppression, development patems and
vulnerability of structares (thaough building codes, vehicle xc-
cess, brush control around buildings and 5o on), Communities
can also invest in mwore fire-fighting resources. But in the longer
term, such efforts will lkely fall shor. The brosder onbonal ancd
imemmaiional tssues of dlimae change nsell and its relaion to
wildlive must uhimaaely be sddpessed, L
Manasser 5 ToRN 1S A ROGEOLHIMGT WiTH THE EARTH
SCIENCES Dvisnon AT THE Liwainct BERsoiry MaTionaL
Lasoparoay; Evan MILLE s & STAFF SCIEMTIET ARD ASDETANT
CHREC TR &F THE EnvincneenTal Eranay TedHROLOEES
Division OF THE LAwWKIHCE BERRELEY MaTonal Lanouatony:
JurirT FRIED 15 ASSOCIATE PROFISION OF FORESTRY AT MiCHIGAN
STATE Upanvimsrrs.
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